Identification of regulatory sequences in the gene for 5-aminolevulinate synthase from rat.
The housekeeping enzyme 5-aminolevulinate synthase (ALAS) regulates the supply of heme for respiratory cytochromes. Here we report on the isolation of a genomic clone for the rat ALAS gene. The 5'-flanking region was fused to the chloramphenicol acetyltransferase gene and transient expression analysis revealed the presence of both positive and negative cis-acting sequences. Expression was substantially increased by the inclusion of the first intron located in the 5'-untranslated region. Sequence analysis of the promoter identified two elements at positions -59 and -88 bp with strong similarity to the binding site for nuclear respiratory factor 1 (NRF-1). Gel shift analysis revealed that both NRF-1 elements formed nucleoprotein complexes which could be abolished by an authentic NRF-1 oligomer. Mutagenesis of each NRF-1 motif in the ALAS promoter gave substantially lowered levels of chloramphenicol acetyltransferase expression, whereas mutagenesis of both NRF-1 motifs resulted in the almost complete loss of expression. These results establish that the NRF-1 motifs in the ALAS promoter are critical for promoter activity. NRF-1 binding sites have been identified in the promoters of several nuclear genes encoding mitochondrial proteins concerned with oxidative phosphorylation. The present studies suggest that NRF-1 may co-ordinate the supply of mitochondrial heme with the synthesis of respiratory cytochromes by regulating expression of ALAS. In erythroid cells, NRF-1 may be less important for controlling heme levels since an erythroid ALAS gene is strongly expressed and the promoter for this gene apparently lacks NRF-1 binding sites.